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Objectives. The purpose of this study was to determine whether 
the polarity of the first phase of a biphasic shock affects the 
• defibrillation threshold. 
Background. The polarity of a monophasic shock has been 
shown to affect the defibrillation threshold. 
Methods. A transvenous defibrillation lead with distal and 
proximal shocking electrodes was used in this study. In 15 
consecutive patients, the defibrillation threshold was determined 
twice using a step-down protocol, in random order: with the distal 
coil as the anode for the initial phase (anodal biphasic shock) and 
with the polarity reversed (cathodal biphasic shock). The power to 
detect a 5.0-J difference in this study is 0.96. These patients were 
61 -+ l I  years old (mean -+ SD), and the mean left ventricular 
ejection fraction was 0.32 -+ 0.10. 
Results. Mean defibrillation threshold using anodal biphasic 
shocks was 9.9 --. 4.8 J, compared with 9.5 + 4.2 J using cathodal 
biphasic shocks (p = 0.8). In three patients the defibrillation 
threshold was lower by a mean of 6.3 + 2.9 J with the former 
configuration; in three patients the defibrillation threshold was 
lower by a mean of 6.7 -+ 2.5 J with the latter configuration; and 
in nine patients it was the same. Using the standard cathodal 
configuration, a defibrillation threshold -<10 J was obtained in 
-70% of patients, and a subcutaneous patch was not required in 
any patient. 
Conclusions. The polarity of the first phase of a biphasic shock 
used with a single transvenous lead does not affect the defibrilla- 
tion threshold• 
(J Am Coil Cardiol 1995;25:1605-8) 
Implantation of an automatic defibrillator with a nonthora- 
cotomy lead system depends on achieving an adequate defi- 
brillation threshold. Several factors, including subcutaneous 
patch location (1), number and location of transvenous elec- 
trodes (2), type of lead system (3,4) and polarity of monophasic 
shocks (5), have been demonstrated to influence the defibril- 
lation threshold with nonthoracotomy lead systems. However, 
the effect of the polarity of the first phase of a biphasic shock 
on the defibrillation threshold has not been determined for 
implantable cardioverter-defibrillators using nonthoracotomy 
lead systems. 
This study sought o determine in a randomized, prospec- 
tive manner the effect of first-phase polarity of a biphasic 
waveform used with a single transvenous lead shocking system 
on the defibrillation threshold. 
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Methods  
Patient characteristics. The mean age of the 15 patients 
included in the study was 61 + 11 years (mean + SD). Ten of 
the patients had coronary artery disease, and five had either 
idiopathic ardiomyopathy or other types of structural heart 
disease (Table 1). Mean left ventricular ejection fraction was 
0.32 + 0.10. Cardiac arrest was the presenting symptom in 4 
patients, and 11 presented with syncope or sustained ventric- 
ular tachycardia. All patients underwent baseline lectrophysi- 
ologic testing and unsuccessful e ectropharmacologic testing 
with a mean of 1 _+ 1 antiarrhythmic drugs before device 
implantation. 
Lead specifications and placement. All patients came to 
the operating room in a postabsorptive state. All antiarrhyth- 
mic medications were stopped at least five half-lives before 
device implantation, with the exception of six patients in whom 
amiodarone therapy had been ineffective (Table 1). Amioda- 
rone was discontinued 1 to 5 days before the patients were 
taken to the operating room. General anesthesia was induced, 
and then the transvenous defibrillation lead was positioned. 
The lead used in this study (model 0074, Cardiac Pacemak- 
ers, Inc.) is a tined, passive fixation lead, 100 cm in length, and 
varies along its length from 9.5F to 12F in diameter. There is 
a distal shocking electrode of 379 mm 2, which is 1.2 cm 
proximal to the end of the lead and is separated by a distance 
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Table 1. Patient Characteristics and Defibrillation Data 
Biphasic Defibrillation 
Threshold 
Pt Antiarrhythmic Cathodal Anodal 
No. Age (yr)/Gender Heart Disease LVEF Drug (J) (J) 
1 54/M IDCM 0.25 Amio 10 5 
2 65/M CAD 0.25 Amio 5 10 
3 73/M CAD 0.40 0 15 5 
4 59/F IDCM 0.25 0 10 10 
5 79/M CAD 0.25 0 5 10 
6 76/F CAD 0.20 0 5 5 
7 34/M Other 0.35 0 5 5 
8 61/M CAD 0.45 0 15 10 
9 66/M CAD 0.35 Amio 3 3 
10 61/M Other 0.50 Amio 10 10 
11 64/M CAD 0.40 0 15 15 
12 61/M CAD 0.30 Amio 10 20 
13 50/M IDCM 0.15 0 10 15 
14 64/M CAD 0.30 Amio 15 15 
15 53/M CAD 0.35 0 10 10 
Mean 61 0.32 9.5 9.9 
-+SD +11 yr -+0.10 +4.2 +-4.8* 
*p = 0.8, anodal vs. cathodal defibrillation threshold. Amio = amiodarone; CAD = coronary artery disease; F = 
female; IDCM = idiopathic dilated cardiomyopathy; LVEF = left ventricular ejection fraction; M = male. 
of 11.5 cm from a proximal shocking electrode of 617 mm 2. 
The tip of the lead was positioned with the aid of fluoroscopy 
in the right ventricular apex through the subclavian vein. This 
positioned the distal shocking coil in the right ventricle and the 
proximal shocking coil in the right atrium. 
Determination of defibrillation threshold. All patients pro- 
vided informed consent under a protocol approved by the 
Human Research Committee of the University of Michigan. 
The defibrillation threshold was determined using biphasic 
shocks and each of two electrode configurations in random 
order (Fig. 1). The defibrillation threshold was determined 
Figure 1. The defibrillation threshold was determined in all patients 
for both anodal (left) and cathodal (right) biphasic shock waveform 
configurations. Each patient was randomized to have the defibrillation 
threshold determined initially with the distal shocking coil as either the 
cathode, or negative electrode, (left) or the anode, or positive lec- 
trode, (right) for the initial phase of the biphasic shock. 
O ® 
initially with the distal electrode as the cathode (cathodal 
biphasic shock) or as the anode (anodal biphasic shock) for the 
initial phase of the biphasic waveform and was then deter- 
mined a second time with the polarity of the first phase of the 
shock reversed (Fig. 1). The waveform used in this study was a 
truncated, fixed-tilt biphasic waveform with a first phase tilt of 
60% and a second phase tilt of 50% (Fig. 1). This is the 
standard Cardiac Pacemakers, Inc. biphasic waveform. 
Ventricular fibrillation was induced using 1 to 3 s of 
alternating current. The truncated biphasic shock was deliv- 
ered by an external defibrillator (ECD II, Cardiac Pacemakers, 
Inc.) 10 s after initiation of alternating current. This device 
measures the impedance during each recorded shock and has 
an accuracy of _+10%. 
A step-down protocol was utilized to determine the defi- 
brillation threshold. Shocks were delivered in the following 
order until ventricular fibrillation failed to convert o sinus 
rhythm: 20, 15, 10, 5, 3 and finally 1.0 J. The defibrillation 
threshold was defined as the lowest energy successful in 
converting ventricular fibrillation to sinus rhythm. At least 
5 rain was allowed to elapse before each induction of ventric- 
ular fibrillation. 
Power analysis. A previous tudy (5) with the same lead 
system and defibrillation threshold protocol demonstrated a 
5.4-J improvement in the defibrillation threshold with anodal 
monophasic shocks as opposed to cathodal monophasic 
shocks. From that previous tudy (5), and from clinical expe- 
rience, an important difference to detect between anodal and 
cathodal biphasic shock is 5 J. In the present study, with 
observed standard deviations and correlation, there was a 
power of 0.96 to detect a difference of 5 J. 
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Statistical analysis. Results are expressed as mean value +_ 
1 SD. Defibrillation thresholds and impedance measurements 
were compared using a paired t test. Probability values <0.05 
were considered statistically significant. 
Results 
The results for individual patients are presented inTable 1. 
Mean defibrillation threshold for cathodal biphasic shocks was 
9.5 + 4.2 J, compared with 9.9 _+ 4.8 J for anodal biphasic 
shocks (0.8). The defibrillation threshold was the same with 
each shocking polarity in nine patients, amean of 6.7 _+ 2.9 J 
less with cathodal than with anodal biphasic shocks in three 
patients and a mean of 6.3 -+ 2.5 J less with anodal than with 
cathodal biphasic shock in three patients. Mean impedance 
• was 48 _+ 7 ohms with cathodal biphasic shocks and 48 _+ 
8 ohms with anodal biphasic shocks (p = 0.9). 
With each polarity, a defibrillation threshold -<10 J was 
obtained in 67% of patients. Furthermore, a defibrillation 
threshold <-15 J was obtained with cathodal biphasic shocks 
and anodal biphasic shocks in each patient except one. In this 
patient, the defibrillation threshold was 20 J only with anodal 
biphasic shocks. The best defibrillation threshold obtained with 
either biphasic shocking polarity was 8.2 _+ 3.8 J and was not 
significantly different compared with the conventional cathodal 
biphasic shock polarity (9.5 _+ 4.2 J, p = 0.1). 
There were no significant differences inthe mean age, mean 
left ventricular ejection fraction, use of amiodarone, ortype of 
structural heart disease between patients in whom the cathodal 
biphasic shock defibrillation threshold was higher, lower or the 
same as that with the reversed polarity. 
Discuss ion 
Main findings. The conventional polarity configuration for 
implantable cardioverter-defibrillators with biphasic wave- 
forms used in conjunction with nonthoracotomy lead systems i
for the right ventricular shocking electrode to be the cathode 
for the first phase of the shock. The results of the present study 
with a biphasic waveform used in conjunction with a single 
transvenous lead defibrillation system demonstrate hat the 
defibrillation thresholds with cathodal and anodal biphasic 
shocks are similar. Regardless of the polarity configuration, a 
defibrillation threshold <-15 J is obtainable in nearly all 
patients, and a defibrillation threshold -<10 J is obtainable in 
-70% of patients. These results appear comparable to those 
obtained with a unipolar defibrillation system that has defibril- 
lation thresholds in the range of 8 to 10 J (2,4,6) and is 
considered to be an optimal defibrillation system. Therefore, 
both this system and the unipolar defibrillation system appear 
to simplify the implant procedure by offering a single-lead 
system with consistently ow defibrillation thresholds. 
Comparison with previous studies. The effects of polarity 
of a monophasic waveform on the defibrillation threshold has 
previously been determined using a transvenous lead system 
(5) and an epicardial lead system (7,8). These studies demon- 
strate a 20% to 30% reduction in the defibrillation threshold 
using anodal, as opposed to cathodal, defibrillation. Further- 
more, with a nonthoracotomy lead system, anodal defibrilla- 
tion appears to decrease subcutaneous patch use by 25% (5). 
To our knowledge, there are no previous clinical studies of 
the effect of polarity of a biphasic shock on the defibrillation 
threshold with either an epicardial or a transvenous lead 
system. A recent experimental study (9) found that the energy 
required for 80% successful defibrillation was 20% less for 
anodal than for cathodal biphasic shocks. That experimental 
study differed from the present clinical study in several ways. In 
the experimental study (9), a solely transvenous lead system 
was not used, and a different biphasic waveform was utilized. 
In addition, the study was performed in dogs, and the results 
may not apply to the clinical setting. 
Mechanism. Clinical studies have consistently demon- 
strated improvement of the defibrillation threshold with an- 
odal monophasic shocks as opposed to cathodal biphasic 
shocks (5,7,8). One might expect similar esults with a biphasic 
waveform because -88% of the energy is delivered in the first 
phase. However, no benefit was observed. This would imply 
that the second phase of the biphasic shock eliminates the 
mechanistic benefit of anodal shocks. Furthermore, this sug- 
gests that the effect of polarity on defibrillation threshold is 
waveform specific. 
Study limitations• The defibrillation threshold represents a 
statistical phenomenon instead of an absolute number, and the 
value is a function of the technique used to determine it (10). 
Therefore, a limitation of this study, as with other defibrillation 
threshold studies in humans, is that a defibrillation threshold 
curve was not constructed. However, the number of shocks 
required to construct a defibrillation threshold curve in hu- 
mans is not clinically feasible. 
A second limitation is that the results may not apply to 
biphasic waveforms that have a configuration different from 
that of the biphasic waveform used in this study or to different 
nonthoracotomy lead systems than the one used in this study. 
Clinical implications. The results of the present study 
indicate that there is not an optimal polarity configuration of 
the biphasic shock used in conjunction with this single-lead 
endocardial shocking system. A variation of only one step 
during defibrillation threshold testing may result from chance 
alone, but a two-step variation may indicate a significant 
improvement in the defibrillation threshold. In -50% of the 
patients studied (8 of 15), the defibrillation threshold with each 
polarity was identical. Of the remaining seven patients, only 
two had a defibrillation threshold that demonstrated a two-step 
improvement; one with the cathodal (10 J improvement) and 
one with the anodal (10 J improvement) polarity. In any case, 
regardless of the polarity configuration, the lead and device 
system tested were able to achieve a defibrillation threshold 
-<15 J in almost all patients and a defibrillation threshold 
-<10 J in 70% of patients, with no patient requiring a subcu- 
taneous patch. These data imply that testing of either polarity 
is appropriate and that a defibrillation threshold -<15 J should 
be expected. Therefore, when this system is used, defibrillation 
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threshold testing can be started at 15 J, which should necessi- 
tate fewer inductions of ventricular fibrillation than starting at 
20 J, as is conventional. 
The results of this study have implications for the develop- 
ment of smaller defibrillators. The increasing demand to 
provide smaller, pectorally implantable defibrillators may re- 
quire that maximal outputs be decreased to 20 J. In that 
circumstance, a defibrillation threshold -<10 J will be required 
to provide acceptable safety margins. Under these circum- 
stances, 70% of patients would have met implant criteria for a 
device with a maximal shock energy of 20 J. Furthermore, the 
testing of various shock polarities and the use of other 
techniques tooptimize the defibrillation threshold will also be 
important. 
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